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EXECUTIVE SUMMARY

Capacity analysis of signalized intersections and the development of
signal timing plans are two significant traffic engineering activities.
Analysis and design techniques of signals have been fully developed and
testod by numorous agencies, and computer software programs have been
doveloped to facilitate the analysis and design processes. With the
advancoment in microcomputor technology, large numbers of software programs
have bocome available to the user community. Tho main goal of this research
project was to comparativoly assess a group of selected computer programs
for traffic signal planning, design, and operations.

A comprehensive inventory was conducted and a detailed 1list of
currontly available computer software portaining to this study was developed
(docomented in Volume 1). A total of 35 programs were solected covering the
following categories: 1) Isolsted Intersections, 2) Arterial Streets, 3)
Dismond Interchanges, and 4) Grid Networks. A short description of
individual software programs was provided, and a comparative assessment was
porformed.

Seven programs are recommended for isolated intersections., CAPCALC 85
and SIGNAL 85 are recommonded for use as a capacity anslysis tool using the
1985 Highway Capacity Manual procedures. CAPCALC and EZ-POSIT are
recommended if the user wishes to perform tho Critical Movement Analysis
mothod of the Transportation Resoarch Board (Circular 212 report). For
those who are still interested in performing analyses documeonted in the 1965
Highway Capacity Manual, the SIGNAL program is rocommended. As for the SOAP

sof tware group, SYIAP and SOAP 84 are recommended.




Threo preprocessor software are recommended, namely FIBAND, FEZ-TRANSYT,
and PASSETUP, They are preprocessors for the MAXBAND, TRANSYI-7F, and
PASSER I1-84, respoctively.

As for tho network software, PASSER II-84, TW-BANDWIDTH, TRANSYT-7F,
and IW-SIGOP aro recommended. PASSER II-84 and TW-BANDWIDTH (microcomputer
version of MAXBAND) are recommonded for arterial optimization, while
TRANSYT-7F and TW-SIGOP (microcomputer version of SIGOP III) are recommended
for grid network optimization. NETSIM is recommended for microscopic

computer simulation,




INTRODUCTION

The traffic engineering field has oxperienced significant advancements
in the development of computor models to solve numerous traffic operation
and management problems. These models covered a wide spectrum of
applications such as signal timing, capacity analysis, freeway operation,
bus transit on urban streets, and environmental issues.

Although the research and development of traffic computer models have
rosulted in a respoctable number of application models, practicing traffic
engineers have not fully utilized tho resources made available to them.
Some of the ressons for this are unfamilisrity with existing models, lack of
computer hardware, unfamiliarity with software and hardware interaction,
difficulty in obtaining the software, and the misconception that the user
has to have solid background abount computer science and mathematical
theories.

The modols that were developed, up until four years ago, wero basically
designed for mainframe computers. The advent of the microcomputer in recent
years resulted in sevoral major changes in the user community. First, more
enginecers are able, at virtonally any location, to access microcomputers or
supor-minicomputers. Second, with the fast advancements in the
microcomputer industry, more machines are boing made with larger memory and
higher execution speed. Third, the difforent operating systems (PC-DOS, MS-
DOS, P-System, CPM, UNIX, etc.) that are available on microcomputers permit
the programmor and the user to run programs interactively with less
complications, a feature that mainframe computers lack. Therefore, the
'"fear'’ of computers that most users used to have is being reduced.

Programs on the microcompoters are becoming friendlier and more forgiving

than before,




This has resulted in the development of s large numbor of application
software programs to koep pace with the advancemont of tho hardware.
Furthormore, almost all computer modols that wore doveloped for mainframe
computors are downloaded to microcomputers. With all these changes, it
bocame apparent that a softwaro information system would be advantageous to

the user community.




BACKGROUND INFORMATION

The field of traffic engineering has witnossed significant developments
in the use of computer models as analytical tools for evaluating various
traffic enginecering projects (1). A 1large number of the published
documentations are limited to either special software developed for solving
a spocific problem or a report resulted from theoretical work conducted
towards a dissertation for a doctoral degreeo.

Rocent developments and advancements in traffic computer modeling have
provided the practicing engineer with the opportunity to evaluate different
traffic operational strategies using the traditional methods, The
practicing engineer has to be thoroughly familiar with the use and the
bonefits of nusing computor models so he/she can effectively utilize the
model to its fullest potential, The Fedoral Righway Administration (FHWA)
roalized tho need for such information, and the lack of documentation
addressing this issue. A project was initiated by the office of
Implemontation of the FHWA to develop a Handbook of Computer Models for
Traffic Operation Analysis (2). The Handbook provided oxcellent sources of
information related to computer models which are available for developing
and ovalvating practical, day-to-day, transportation management problems.
It permits tho reador to undoerstand the more significant models and to
soloct those models which would be most beneficial considering the
capability of available personnel and oquipmont. The Handbook inciuded ten
models which covered signal timing, arterial bus simulation, and freeway
simulation. At tho time the Handbook was developed, few microcomputer

softwaro programs wore available, and therefore the assossment was 1imited

to mainframe software.




As microcomputers bocame popular, thoe FHAWA realized the need for user
groups. Pour federslily-sponsored national user groups were formed for
transportation professionals. One of these four, the Safety and Traffic
Engineering Applications for Microcomputers (STEAM), was formed to provide a
modium for practicing traffic engineers to learn more about microcomputers,
meet more experioenced users who could help with hardware and software
seloction, and obtain public domain software. Ono significant ontcome from
this eoffort was the development of the ’'’'Software and Source Book'’
published by the Urban Mass Transit Administration (3). The Federal Highway
Administration (FHWA) combined all the foderally-sponsored national user
groups to new microcomputer user support centoer at the University of Florida
Transportation Research Center, offective July 14, 1986. The new service is
called the Center for Microcomputers in Transportation (McTrans).

This documentation contains information portsining to: 1)
Microcomputor references and training, and 2) descriptions of software in
the areas of transit operations, transportation planning, traffic
engineering, and paratransit planning and operations.

A recent study was aimed at detormining the effectiveness of computer
programs designed to optimize traffic signal timing (4). The specific
programs ovaluated wore MAXBAND, SIGOP-III, and TRANSYT-7F (Releaseo 2).
Data was collected in three citieos (Lawrence, Kansas, Overland Park, Kansas,
and Davonport, Iowa). Tho results indicated that none of the programs was
the best under all conditions, but rather, ecach has advantages and

disadvantages,



STUDY BJIECTIVES

The main objective of this research project is to assess selocted
computer programs for traffic signal planning, design, and operations. More
specifically, the study is aimoed at identifying all available programs that
are peortinent to traffic signal operations and dosign problems, develop an
inventory of pertinent programs, develop a doscription of the capability of
cach program, and 1last but not loast conduct a comparative assessment of
possible programs that may be utilized for operations and design problems.

Whon the proposal for this study was first doveloped, a clear
distinction betwecon mainframe software and microcomputer software was made.
With the advancemont in micro—chip technology, microcomputers now have much
grester storage capabilitios and higher ¢xecution speed than before. This
means that the gap between mainframe computers and microcomputers is
diminishing.

It is important to point ont though that, at loast for the next decade,
the user community will wuse both typos of machines either separately or
jointly.

As a start, a need oxists to defino the differences between
mini/supermini/micro computers. A microcomputer is defined as a collection
of hardware utilizing 8/16/24 bit registers and a processing speed of about
0.2 MIPs (million instructions per second) or lower. The addressable RAM
(Random Accoss Memory) is abont 3 MB (Mega Bites) or lower, though the
compilers will not allow a single program to address the entire memory. The
socondary storage is about 40 M8 or lower on a hard disk and 1.2 M or lower
on a diskette.

A minicomputor is dofined as a collection of hardware utilizing 32/64

bit registors and a processing spoed of betwoon 1-4 MIPS, The operating



system is a virtoal memory type with an addressable space of over 16/32 M8
per usor. The RAM is usually over 1 MB and may run up to 16 M or more.

The difforence betwooen mainframes and minis (or superminis) is in the
numbor of CPU's (Contral Processing Units) and the processing speed.
Mainframes now have dual (or more) procossors and operats at over 6 MIPS,

Superminicomputers are gaining ground against both mainframe and
microcomputers. They are successfully filling in the gap betweon the two
machines. Al though the proposal did not include superminicomputers in the
comparative assessment, the research team decided that for the sake of
attaining a complete rescarch effort the listed software in the proposal
should be further assessed using the VAX/VM machine,

With the modified research scope, the following types of software were
idontified:

1) Software dosigned for microcomputers only.

2) Software developed for use on mainframe and now operating on

microcomputoers.

3) Software that still operates on mainframe only.

4) Software that can operate on supermini computers with little or no

modification.

The purpose of this report is to document an inventory of software that
falls under the four categorios listed above. Furthermore, to report on the
rosults of the comparative assossment of all types of software utilizing

data collectod for a selected arterial in Tempe, Arizona.

REPORT DESCRIPTION

The report is divided into three volumes. Volume 1 contains the

oxocutive summary, research approach, research findings and recommendations.




Volume 2 documonts detailed descriptions of the software assessed in this
study, and Volume 3 providos a sample run of the recommonded software.

The idea behind having three volumes is first to describe the study
objectives and conduct an oxhaustive inventory of available software, then
soloct the software to bo assessed, and very briefly describe their
functions. All this is done in Volume 1. If the reader wishes to learn
more about a particular wodel, he is referred to Volume 2 where detailed
doescriptions, takon verbatim from tho user’s manual, are provided and a list
of references is added at the end. To complemont the description of the
software, a sample run is provided for the recommended software in the third
volume so the reader can have an idea of how the needed input parsmeters and
output reports look.

The remainder of this volume contains the following sections:

Software Inventory

Sof tware Selection

Sof tware Description

Network Description

Software Comparative Assossmont
Conclusions and Recommendations

The inventory section contains a list of currently available software
for the user community. Following this seoction is a list of computoer
softwaro adopted for assessment in this ;tudy. then a brief descriﬁtion of
the software function is provided. Information related to the network used
in the comparative assossment in terms of geometric data and traffic data is
then documented. The software assessmont section is dividod into four major
soctions. The first section reports on tho assessment of isolated

intersection software, the second section contains an assessment of all



preprocessors software, the third section documents the assessment of the
network software (arterial and grid software combined), and the fourth
section provides information pertaining to computer execution time on the

mainframe computor, the supermini (VAX/VM), and microcomputer for selected

sof tware.
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SOFTWARE INVENTORY

A comprehensive literature search was conducted to compile most of the
traffic signal related software. Five major sources were utilized, '’The
Microcomputers in Transportation: Software and Source Book’’ published by
U.8.D.0.T. (3); ’'’'The I.T.E. Microcomputer Software Directory’’ published by
the Institute of Transportation Engineers (5); write-ups provided by
software developers and distributed by mail or at conferences and
professional meetings, advertisements in professional journals such as ITE
and ASCE; snd the STEAM Software newsletter published by DOT/Transportation
Systems Center.

Traffic signal software packages were divided into three groups,
namely: isolated intersection programs, arterial street programs, and grid
network programs. Eighteen isolated intersection programs, 13 arterial
street programs, and 12 grid network programs were recorded and they are
illustrated in Tubles 1, 2, and 3. Furthermore, information related to the
developer, program application, and operating system environment, as
published in the software resources, are provided.

It is important to point out that the list contains seven preprocessors
and they are: FREESIAP, PASSLOAD, PASSETUP, EZ-PASSER, PRETRANSYT, EDBAND,
EZ-SiGOP, and EZ-TRANSYT. These programs are provided to enable the user to
generate an input data stream in a fixed format, by means of either screen
editing or 1line editing, which can be used to run programs previously
developed such as SOAP or PASSER or TRANSYT. Table 2 contains PASSER III as
an arterial street program although the major function of this software is

to develop optimum signal timing for diamond interchanges.
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Table 1. ISOLATED INTERSECTION INYENTORY

APRLICATION

BAME (XY £1 OPER FHYIRCMMENT
CAPCALC Roger Crefghton Intersection Capacity Apple 113, Ile, IBM-PC,
Assoclates, Inc. Analysis and Design TRS 1L, 12, 16, 64K
(Ctre. 212)
CAPCALC 85 Roger Creighton Intersection Capacity Apple 11%, Ile, IBM-PC,
Associates, Inc. Analysis and Design TRS 1L, 12, 16, 64K
(HCM 1985)
CAPACITY Timelapse Capacity Analysis CP/M, Apple, IBM-PC, 64K
(HCM) 1965
CAPSSI Mohle, Grover & Comprehensive Analysis CP/M or MS-DOS, 64K
Associates
A Bather Belrose Intersecttion Evaluation

Boje, Inc.

(Circular 212)

CP/M-80, 50K; MS-DOS,
128K, PC-DOS, 128K

COA/M (MCTRMNS)

TRC, University of

Intersection Evaluation

Apple 11+, 48K, IBN-PC

Florida (Circular 212) with Guadlink Card
EZ~-PCSIT Habih Chen Optimizaton IBM-PC, Apple 11, MS-
D0S, UCSD P-System
1CAP Bather Belrose Capacity Analysis CP/M-80, 50K; MS-DOS,
Boje, Inc. HOY (1965) 128K, PC-00S, 128K
INTERCALC Bather Belrose Development and Analysis CP/K-80, 50X; KS-DOS,
Boje, Inc. (Webster) 128K, PC-DOS, 128K
NCAP Professtonal Solution Capacity Analysis Apple 11/7114/11e/1lc
Inc. IBM-PC
SCA DeShazo, Starek & Capactty Analysis LOTUS 123
Tang Incorporated 1985 (HCM)
SIAP/FREESIAP Transcare Optimization & Evaluation K5-00S, IBM-PC
SICA Binghampton Metropol ftan Capacity Analysls M5-00S
Transportation Study 1985 (HCH)
SIGRAL BartomAschman Intersection Capacity IBH-FC, XT, and AT
Assoclates, Inc. Analysis and Design with CP/H-80, 64K
(HCHM 1965)
SIGNAL 85 Barton-Aschman Intersection Capacity IBH-PC, XT, AT,
Assoctates, Inc. Analysis and Dosign MS-00S
SOAP 84 FHMA Optimfzation & Evaluvation CP/M, M5-DOS,
IBM-PC, Apple

SOAP/H (McTRANS)

TRC, University of
Florida

Otptmization, Data
Analysis, Counting

Apple 11, 4685, IBM-FC
with Quadlink Card

TEXAS

HR, University of
Texas

Intersection
Simulation

IBN 4341 or 3081
Hainframe

12



Table 2.

ARTERIN. STREEY INYENTORY

BAE 000000 VYAORFR 000 APRLICATION

ENY IROHMENT

E2~PASSER Transtek Software Interactive Signal IBM-PC, M5-DOS, Apple,
. Timing UCSD P-System
NOSTOP Barton-Aschman Progression CP/M-80, IBM-PC, XT, &
Assoclates, Inc. AT, 64K -
PASSER ¥ohle, Grover & System Evaluvation CP/K or KS-DOS, 64K
Associates
PASSER 1I-80 DKS Assoclates Automatic Phase IBM-PC, 256K;
Sequence Selection M5-D0S and UNIX SYSTEM
PASSER 11-80 Texas State Department Artertal optimization IBM-FC, M5-DOS

of Highvay & Public Transp,

Model

IBM Mainframe

PASSER 11-80 and
PASSLOAD

Bather Belross Boje,
Inc. .

An Interactive Signal
Timing

CP/M-80, 50K; KS-DOS,
128K; PC-DOS, 128K

PASSER 11-84 &

Texas State Department

Upgrade of the

184-PC, M5-DOS

PASSETUP of Highway & Public Transp.  PASSER 11-80 IBK Mainframe
PASSER 1I11* DKS Assoclates Timing Signal at Diamond IBM-FC, 256K;
Interchanges M5-DOS and UNIX SYSTEM

PLATOON Microtrans Associates, Traffic Stgnal Apple, 48K

PROGRESS JON Inc. Progresston

Diagram

SIGART/TIMESPACE  Bather Belrose Boje, Stignal Timing CP/M-80, 50K; MS-DOS,

11 Inc. 128K; PC-D0S, 128K

SPAN (McTRANS) TRC, University of Traffic Signa) Apple 11, 48K, IBM-PC
of Florida Progression with Quadl ink

TIMDIS 2 DXS Assoclates

Interactive Signal
Progression

IBM-FC, 256K;
M5-DOS and UNIX SYSTEM

TIMESPACE III

Bather Belrose Boje,
Inc.

Genaral Furpose

CP/H-80, SOK; HS-DOS,
128K; PC-DOS, 128K

® Diawond Intsrchange Softvare
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Table 3. GRID NEWORK INYENTORY
NAME €Y A _OPER APRLICATION ENY IRONMEN |
EBMD Tranasare Preprocessor for m5-00S
™ SANDNIOTH and MOBAND
EZ-TRANSYT Transtek Software Transyt 7F Preprocessor IBM-PC under M5-DOS
NETSIM FMA Arterial and Grid M5-00S
Siaul ation
PPD AMA Post Processor for ¥5-D0S
TRMNSYT 7F
PRETRANSYT BartomAschman Trancyt Preprocessor IBW-PC, XT, and AT
Associates, Inc. with CP/M-80
SIGOP III AMA Grid network optimfzation MS5-D0S
SIGRID Bather Belrose Boje, Grid Signal Tiafing CP/¥-80, 50K, MS-DOS,
Inc. 128X; PC-D0S, 128
TRANSYT-TF FHWA Arterial and Grid

Optimfzation

CP/M, ¥5-D0S, IBM-PC
Apple

TRANSYT 7 ALUS

Mohle, Grover &
Associates

Arterfal and Grid
Optimfzation

CP/M-80 or MS~DOS, 64K

TRANSYT/7 and Bather Belrose Boje, Arterial and Grid CP/M-80, 50K, M5-DOS,
TRANSYT/TF Inc. Optimization 128<; PC-D0S, 128X
™ BANDY IDTH Tranaare Arterfal and Grid network M5-D0S

™SIGOP Tranasrare Grid network optimization M5-D0S§

£Z-SIGGP Transtek Sof tware SIGOP Preprocessor

IBM-PC uncer M5-DOS
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SOFIWARE SELECTION:

Closer examination of Tables 1, 2, and 3 reveals that the majority of
the software operate under the MS-DOS enviromment for IBM~PCs. Thereforeo,
the solection of the software to be assessed was limited to IBM-PC or IBM-PC
compatibles with MS-DOS oporating system. Three oxceptions were made to
this rule and they wereo:

1) The use of the p-system to run the CAPCALC software

2) The use of the Baby-Blue card to emulate the CP/M-80 onviromment to

run the SIGNAL, NOSTOP, and PRETRANSYT of the TEAPAC System.

3) The use of a Quadiink card to emulate the Apple II enviromment to

run the SPAN, and CMA/M of tho McTran System.

The final 1ist of software assessed is as follows:

Isolated Intersections:

1) CAPCALC
2) CAPCALC 85
3) CAPSSI

4) CMA

5) CMA/M

6) EZ-POSIT
7) ICAP

8) INTERCALC
9) SCA

10) SIAP & FREESIAP
11) SICA

12) SIGNAL
13) SIGNAL 85

14) SOAP 84

15




15) SOAP/M
16) TEXAS
Artorial Streets:
17) EDBAND
18) EZ-PASSER
19) MAXBAND
20) NOSTOP
21) PASSER I1-80 & PASSLOAD
22) PASSER II-84 & PASSETUP (version 2.3B)
23) SIGART & TIMESPACE II
24) SPAN
25) TIMDIS 2
26) TW-BANDWIDTH
Diamond Interchanges:
27) PASSER III
Grid Networks:
28) EZ-TRANSYT
29) NETSIM
30) PPD
31) PRETRANSYT
32) SIGOP III
33) SIGRID
34) TRANSYT-7F

35) TW-SIGOP
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SOFIWARE DESCRIPTION

In this section, a brief description is provided for all the software
assossed in the study., The first group of software is the isolated

intorsection group. Sixteen programs are presonted in alphabotical order.

Isolated Intersection Software:

CAPCALC (intersoction CAPacity and CALCulation) and CAPCALC 85 are two

programs doveloped by Roger Creighton Associates (RCA) to perform capacity
analyses of signalized intersections on microcomputers, The first program
uses procedures outlined in the Circular 212 report, and the second program
applies techniques documented in Chapter 9 of the 1985 Highway Capacity
Manual. Both programs run under the P operating systom, and a special
partition is needed on the hard disk to permit the use of the program.

CAPSSI is a microcomputer program which stands for ’'’'Comprehensive
Analysis Program for Single Signalized Intersections.'’ It aids the
engineer in optimizing traffic signal sottings and/or measuring the
porformance of a single signalized intersection when a specific set of data
is given. Wobster’'s delay and optimum cycle oxpressions are used in this
model .

CMA and CMA/M are two microcomputer programs that use Critical lane
Movemont Analysis procedures, documented in the Circular 212 report, to
oxamine the capacity and level of service at signalized intersections. CMA
is doveloped by Bather, Belrose, and Boje, Inc., and CMA/M is developed, as
part of the McTRANS system, by tho University of Florida's Transportation
Resoarch Center. CMA operates undor the MS-DOS onvironment, while CMA/M
runs on Apple II computers only. An appropriate quadlink card was installed

on an IBM-PC/XT to emulate the Apple II onviromment,
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EZ-POSIT is a microcomputer program developed by Hobih Chen to produce

an optimal signal setting, including cycle time and phasing pattern, that
can minimize fuel consumption for a given intersection. The program is
written in UCSD-PASCAL, and its logic is based on the Circular 212 procedure
for dotermining critical lane volumes and Webstor’s delay expressions for
ostimating oxcoss fmol consumption.
‘ The ICAP microcomputer programs, which abbreviates Intersection
CAPacity, are deoveloped by Bather, Belrose, and Boje, Inc. (BBBI). They
perform intersoction approach capacity analyses in accordance with the
definitions and procedures of the 1965 Highway Capacity Manual.

INTERCALC is a microcomputer program which considers intersection
goomotry, traffic volumes, and traffic signal operation to determine the
porformance of an isolated intersection based upon analytical research
performed by Dr. Webster of the Transportation and Road Research Laboratory
(TRRL) and wupon recent FHWA sponsored research. Different sets of traffic
and signal conditions can be assessed, and varions traffic engineering
Measures of Effoctiveness (MOE) are produced.

The Signalized Capacity Analysis (SCA) microcomputer software is
developed by DeShazo, Starek Tang, Inc, (DSTI). It is a spreadsheet
software to bo nunsed with Lotos 123 that incorporates the worksheeot
calculations contained in Chapter 9 of the 1985 Highway Capacity Manual.

SOAP, which is an acronym for Signalized Operation Analysis Package, is
a traffic signal controller optimizing tool which enables the user to design
the signal timing for any three or four legged intersection, The program
was originally developed for the IBM 370/165 mainframe computer by the
University of Florida Transportation Rescarch Conter. SOAP 84 is the most

recont vorsion of the program. With the advancoments of the microcomputer
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toechnology, soveral versions of SOAP were downloaded to microcomputers.
SIAP & FREESIAP, SOAP 84 & SOAPDIM, and SOAP/M are threoo examples of
microcomputer versions of SOAP,

SIAP (the Signalized Intersection Analysis Program) and its
proprocessor FREESIAY, wore developed by TRANSWARE to allow quick evaluation
of an existing or alternative signal timing control plan for an isolated
intersection. Both programs operate under the MS-DOS enviromment of IBM-PC
or compatibles.

The SOAP 84 microcomputer version of SOAP and its preprocessor SOAPDIM
wore developed for thoe FHWA to be used on IBM-PC and IBM compatibles. The
SOAP/M program is developed by the University of Florida Transportation
Resoarch Contor. It is part of the McTRAN systom, and it requires an Apple
II computer to ran. SOAP/M is the older version of SOAP on the mainframe,
and therefore it does not contain the new delay model used in SOAP 84
(TRANSYT 7F delay model).

The SICA software (an acronmym for Signalized Intersection Capacity
Analysis) is a program doveloped by Binghampton Metropolitan Transportation
Study (BMIS) of the state of New York. It is intended for use by traffic
engineers who are analyzing signalized intersections to detormine average
stopped delay per vehicle and level of service. It is a computerized
reproduction of the methodology adopted in the 1985 Highway Capacity Manual.

SIGNAL and SIGNAL 85 were developed by Barton-Aschman & Associates
(BAA) as part of the Traffic Engineoring Application PACkage (TEAPAC
systom) ., They amnalyze individual intersection control needs based upon
approach capacity, lano usage, pedestrian and clearance constraints, and
mul ti-phase signal control. The methodology wused in SIGNAL is based on

procedures documented in the 1965 Highway Capacity Manual. It was developed
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to operate under CP/M onvironment. The SIGNAL 85 was introduced to the user
community in March, 1986. The intontion was twofold, the first was to
switch gradually from the CP/M operating system to MS-DOS, and the second
roason was to introduce the new procedures endorsed in the 1985 Highway
Capacity Manuval.

The TEXAS (Traffic EXperimental and Analysis Simulation) model was
developed by the University of Toxas Transportation Research Center. It is
a microscopic computer simulation program for isolated intersections. The
user can simulate a wide spectrum of intersection combinations ranging from
two ouncontrolled one-way streets to complex intersections (more than four
apporaches) with multi-phase control. The model was developed for both IBM
and CDC mainframe computoers. It is probably the only signalized computer
software that has not been downloaded to microcomputers yot., Currently, the
Transportation Research Contor of the University of Texas, under a contract
with the FHWA, is developing a microcomputer version of TEXAS. TEXAS
software is wused for ovaluating signal plans of isolated intersections by
moans of simulating traffic flows on stroets second by second. This
sof tware cannot optimize signal settings, and the uoser has to run the
program repeatedly with different signal sottings to search for optimum
solution. For more information related to the 16 isolated intersection

sof tware doscribed in this section, the reader is referred to Volume 2.

Artorial Streots Software:

In this section, nine software programs are briefly described, eight of
which are related to arterial streets and the ninth is a diamond interchange
sof tware.

The PASSER II Computor model was developed at Texas Transportation

Institote of Texas A&M University for use in the Dallas Corridor
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Project sponsored by the FAWA and the Texas State Department of Highway
and Public Transportation (TSDHPT). PASSER is an acromym for
Progression Analysis and Signal System Evaluation Routine. The basic
purpose of the model is to assist the traffic engineer in determining
optimal traffic signal timings for progression along an arterial
considering various multiphase sequences. An enhanced version of the
PASSER II-80 was recently introduced to the user community as PASSER
I1-84. Three different versions of PASSER XI wore assessed in this
study, and they were EZ-PASSER, PASSER II-80 & PASSLOAD, and PASSER II-
84 & PASSETUP,

EZ-PASSER is an interactive microcomputer optimized implementation
of the PASSER II-80 program. It is composed of & preprocessor designed
for data entry, and an adapted PASSER IT-80 version written in PASCAL
langoage. The program operates under MS~DOS system for an IBM-PC/XT,
and the Apple II+ system.

PASSFR II-80 and its preprocessor PASSLOAD were developed by BBBI,
The program was developed for microcomputers and is available for CP/M~
80, PC-DOS, and MS-DOS operating systems.

PASSER II-84 Version 2.3B and its preprocessor PASSEIUP were
developed by the TSDHPT for use on an IBM-PC or compatible computers.
The complote system fits on the floppy disk leaving the other disk free
for storage of problem data and 132 column outpot, Due to disk size
limitations, the system is currently limited to analyzing no more than
ten signals.

The NOSTOP program is part of the TEAPAC system doveloped by BAA.
It provides a means of presonting to the user a graph of the variation

of arterial stroot progression efficiency over a complete range of
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cycle lengths and progression speeds. NOSTOP is available for both MS-~
DOS and CP/M operating systems,

SIGART (for SIGnal slong an ARTerial) and TIMESPACE II are two
programs which, whoen operated together, can produce timing plans for
typical arterial type traffic signal systems. SIGART is a stand-alone
program which can be operated separately if graphical output is not
dosired. The original program was developed for mainframe computers,
and the version assessed in this study is the microcomputer version.

SPAN (The Signal Progression ANalysis) program is part of the
McTRANS system developed by the University of Florida. It operates on
Apple II computers, or IBM-PC equipped with a Quadlink card., SPAN
performs a complote analysis of an arterial signal system using a
simple optimization of offsets. The input stream for SPAN has to be in
the form of the SOAP/M data input. In other words, the user has to ruon
SOAP/M for every intersection of the arterial prior to using SPAN,

TIMDIS 2 is an interactive microcomputer program which draws
dotailed TIMo-DIStance diagrams and an interactive time 1location
disgram for use in the deosign and presentation of traffic signal
coordination plans, It also produces a formatted digital record of
signal timing at each intersection, can antomatically adjust offsets
for one-way progression, and enables modification of variables such as
phaso times, offsets, phase sequenco, cycle length, and speeds. The
program was doveloped by DKS & Associates (DESA).

MAXBAND, or MAXimal BANDwidth traffic signal setting optimization
program is a software which finds traffic signal settings on arterials
or coertain 1loops composed of three arterials, which result in maximal

bandwidth. Problems are formulated as mixed integer programs which
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provide global optimum solution. MAXBAND is based on the traffic
signal model developed by J. D. C. Little of the Massachusotts
Institete of Technology for the FAWA., MAXBAND is written in FORTRAN
and runs on IBM mainframe computers. TW~BANDWIDTH is the microcomputer
version of MAXBAND adapted by TRANSWARE to operate on IBM
microcomputers or IBM compatibles. It requires an MS-DOS operating
systom.

FIBAND is an interactive data processor that assists the user in
croating input data files for the arterial case of TW-BANDWIDTH or
MAXBAND. EIBAND was developed to operate on microcomputers under the
MS-DOS enviromment.

PASSER JII was .developed to assist the traffic onginecer in
determining the optimal traffic signal timings for signalized diamond
interchanges. It was doveloped at tho Texas Transportation Institute
for use in the Dallas Corridor Project which was sponsored by the FHWA
and TSDHT in cooperation with the City of Dallas., PASSER III which is
an acronym for Progressive Analysis and Signal System Evaluation
Routine, Model III (Diamond Interchange), doterminos the optimal phase
patterns, splits and internal offsets at single interchanges (for a
given cycle length) and additionally the optimal system cycle length
and progression offsets for the frontage road progression. It is
writton in FORTRAN, and developed originally for mainframe computers.
Tho microcomputer version of PASSER III was introduced to the user
community by DKS & Associates. The microcomputer version runs on an

IBM-PC undor the MS-DOS and UNIX systems.
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Grid Network Software:

Eight programs are described under the genoral heoading of grid network
sof tware. They can be grouped under four main programs: NETSIM, TRANSYT,
SIGOP YII, and SIGRID,

NETSIM, which is an abbreviation for NEIwvork SIMuolation model was
developed by KLD Associates for the FHWA, It is a microscopic
simulation model which provides the traffic engincer with a tool to
evaluate a wide mix of traffic control and traffic management
strategies, including fixed or actuated signal control, and sign
control, special-use for turn and gonoral-use lanes, and standard or
channelized geometrics. NEISIM is developed for both IBM and CDC
mainframe computers., Tho microcomputer version of NETSIM was recently
introduced to run on IBM-PC/XT or compatibles with a minimum memory of
512K bytes and a mathematical coprocossor 8087.

The TRANSYT model is a macroscopic, deoterministic, time scan
optimization model. It is wused for optimizing the signalization on
arterials and grid notworks, The model! is developed by the
Transportation and Road Research Laboratory of England (TRRL). The
TRANSYT 7F model (the Americanized version) was adapted from TRANSYT 7
model by the University of Florida Research Conter. It operstes on IBM
370, CDC 7700, VAX and HONEYWELL computers. TRANSYT 7F has been
downloaded to the microcomputer level to operate on IBM and IBM
compatibles with the aid of the 8087 math coprocessor. Two
proprocessors and one post-processor are available for the TRANSYT
model. EZ-TRANSYT and PRETRANSYT are the preprocessors and PPD is the

postprocessor.
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EZ-TRANSYT is doveloped by Hobih Chen (formerly TRANSTEK) to
assist programmers in translating the TRANSYT-7F programspecific
notations into terms understood by traffic engineers. It is written in
PASCAL. language, and it opoerates under the MS~DOS enviromment of an
IBM-PC.

PRETRANSYT is doveloped by BAA to beo used as a preprocessor in
conjunction with the TRANSYT program. It is available for both MS-DOS
and CP/M operating systems for IBM microcomputers or IJBM compatibles.
PRETRANSYT interacts with TRANSYI-7F version 3 or less.

The PPD program is an acronym for Platoon Progression Diagram, It
produces platoon progression diagrams similar in function to
traditional time-space diagrams. The PPD program and its documentation
were originally developed for the Apple microcomputer by Courage and
Wallace of Micro—Trans Associates, Inc., Gainesville, Florida. It was
converted by the FHWA for processing on the IBM-PC/XT (and compatibles)
microcomputors for the MS-DOS operating system.

The SIGOP III model is a macroscopic signal timing dosign and
analysis model, It was developed by KLD & Associates for the FHWA, It
is an acronym for Traffic SIGnal OPtimization Model, version III. The
program is written in FORTRAN and has been succossfully run on both IBM
and CDC mainframe computers. The model doals exclusively with mixed-
flow traffic on a signalized arterial network, Multiple approaches
(e.g. diagonal streets) are permissible and signal timing is assumed to
be fixed time, but with multiple phasing. SIGOP IXII nuses the
underlying principles of the TRANSYT model, namely to minimze a

disotility function composed of stopped delay and number of stops.
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TW-SIGOP is the microcomputer vorsion of the mainframe SIGOP III
version. It was downloaded by TRANSWARE to fit on IBM-PC/XT (and
compatible) microcomputers for the MS-DOS operating system,

Tho SIGRID program was developed by BBBI to aid traffic enginecers
in determining the optimum offsets for interconnected traffic signal
networks with primary emphasis on grids. It pormits the evaluation and
comparison of the effects of altering amy of the variables describing
the systom (o.g., cycle 1length, 1location and number of signals,
coordination priorities, oeotc.). The program calculates the optimum
signal offsets to minimize delay and produces delay propensity
parameters that indicate the calculated difforonce between the existing
notwork offset plan and the optimized offsot plan. The program is
available for CP/M, MS-DOS, and PC-DOS operating systems of s
microcomputer.

Dbtailed doscriptions pertaining to all the software are provided

in Volume 2.
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NETWORK DESCRIPTION

For the purpose of conducting a comparative assessment of the software,
& six intersoction arterial 1located in Tempo, Arizona was selected. The
Broadway arterial goometric description is displayed in Figure 1. Two out
of the six intersections are of the T-intersection type. The PM-Peak
traffic volumes (4:30 to 5:30) are documonted in Table 4. These data were
inputted to most of the software consistently with some other assumptions
such as:

0 a saturation flow rate of 1,700 passenger cars por hour of groeen

0 2 lost time per phase of three seconds

0 a clearance interval of three seconds

o fow pedostrian activities du;ing the AM~peak

O an average truck percontage of 5 percent

The Broadway-Mill intersoction data were wused in the isolated
intersection assossment soction, while all six intersections were used in
the network assessment section, A sample of the recommended computer

software in this study is docomented in Volome 3.
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SOFIWARE COMPARATIVE ASSESSMENT

As discussed earlier, this section reports on four activities. The
first activity was the assessmont of the isolatod intersection software.
Bafore coding the Mill-Broadway data for all the 16 software assessed in
this study, tho major functions of the programs wero idontified. Three
gonoral functions wore defined, namely optimization, design, and analysis.
Optimization moant that the program dotermines the best cycle length and
phase splits from a given cycle range, design meant that the cycle length is
inputted and phase splits are calculated by the program, and analysis meant
that both cycle longth and splits are inputted,

Out of the 16 single intersection software, some are capable of doing
one or more of the three dofined functions. Three comparative assessments
were conducted for the three functions defined earlier, and they are
discussed in the next section. A summary table covering all operstional
characteristics, and documonting recommendations for the 16 software is also
included,

The second activity involved the assessment of five preprocessor
sof tware used for running thoe TRANSYI, tho PASSER, and tho MAXBAND programs.
A table showing the comparative assessment is provided.

The third activity was simod at coding the Broadway arterial data to
ron 12 network software. A comparative assessment of four selected software
results was conducted, and a general assessmont table for the 12 software
was doveloped. The dotails are documented in the following sections.

The fourth activity was conducted to assess the speed of execution on

mainframe, supormini, and microcomputers.
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Isolated Intersection Software

The first comparative assessment of isolated intersection software was
aimod at implementing the optimization function. Only six programs provided
this function. The attained cycle 1length, phasing duration per phase,
avorage delay per vehicle per movement, average dolay per vehicle for the
intersection, and intersection 1level of service are all shown in Table 5.
Since FEZ-POSIT is the only software that selocts the phasing scheme, it was
decided to use FZ~-POSIT's phasing (four phase operation) for assessing the
other five softwsre. The rosults were grouped in four major categories, and
they were:

1. Software based on the 1985 HCM procedares (CAPCALC 85)

2. Software based on Webster’s procedures (CAPSSI)

3. Software based on the SOAP program (SIAP, SOAP 84, and SOAP/M)

4. Software based on Circular 212 (EZ-POSIT)

As the results showed, SIAP and SOAP 84 produced very close settings
and MOE's, while SOAP/M produced different results. The reason for the
difforences is that SOAP/M is based on the original SOAP which does not
include the modified delay formnlation (the TRANSYT 7F delay expression).
It is intoresting to notice the big difference botween the 1985 HCM
procedure (CAPCALC 85) and the remaining software. Furthermore, the results
attained from the Webster procedurc are not that different from the SOAP
category. After all the SOAP logic is based on Webster’'s optimum settings.

It can be 8lso concluded from this table that the signal sottings and
the MOER's are sensitive to variations in the delay models and more
calibrations of delay oxpressions are desired.

The design option was implemonted for e¢ight programs, The four

catogories that the roesults woro classified by were:
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1. Software based on the 1985 HCM procoedures (SIGNAL 85)

2. Softwarc based on the 1965 HCM procedures (SIGNAL)

3. Software based on tho Webster’s procedures (INTERCALC)

4. Software basod on the SOAP program (SIAP, SOAP 84, and SOAP/M)

5. Softwarc based on the Circular 212 procedures (FZ-POSIT, CAPCALC)

Under this dosign option, a six phase signal plan waS adopted. The
results revealed (as shown in Table 6) that the third and fourth category
programs producoed similar results, a conclusion previously reached under the
optimization option. It is also interosting to find significant differences
among the intersection delay for the three capacity manoal procedures,
namely, 1965 HCM, Circular 212, and 1985 HCM.

The third option exercised was the anslysis option. Thirteen programs
were run using the Broadway-Mill intersection data for a predotermined
signal plan and the delay and loevel of service results are documented in
Table 7. The first four programs are grouped under one category (1985 HCM).
Significant differonces were noticed among delay as well as level of
service., The reason is that the saturation flow adjustment factors u;ed for
left turns and right turns are eostimated from a series of complicated
mathematical oxpressions. Any round off error could affect the saturation
flow rate and consequently affect the delay values significantly.

As oxpected, ICAP and SIGNAL results were obsorved to be close (the
1965 HCM procedure), and CAPSSI and the SOAP group were similar. The
Circular 212 category included threo programs (CMA, EZ-POSIT, and CMA/M).
Only EZ-POSIT provided delay estimates, Tho LOS for the threco programs
agreed.

Tvo genoral observations were attained from this analysis, The first

observation was mado oarlier and it is related to the major differences
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Table 7

Isolated Intersection Scftwars

for the Analysis Option

Resul ts

Average Delay per Vehifcle (seccnds/vehicle! &

Level of Service

Intersecticn
Conmputer Scftware 1N M|T i Hl KT 2210 EBY ¥Bt w371 Celay los
CAPCALC 85~ 100.6 77.0 79.4 21.1  209.8 16.1 211.1 313.7
F F £ c F c F F U3 F
SIGNAL 85" 43 ¢4.1 681 20.5 61.9 15.2 106.8 121.3
et et F c F ct F F 61.1 F
sia” 105.9 85.04 &l.4  20.94 216.4 16.1¢ 220.4 32Z1.5 N.A. 05
F F F c DS ¢ os oS
s’ 26.35 27.05 28.39 18.05 26.35 13.5¢ 28.39 134.60 58.64 €
b 0 0 c 0 2 0 F
IZAP/TCAP N.A. M.A. NA. NJA. N.A. NGAL NLAL NWA.
c E c A c A c F H.A. N.A.
STENAL 51.1  185.1 197.5 29.9 Si.}  20.7 1975 334.3 1614 F
¢t F F A ct A F £
c:pssi 68 31 68 31 68 29 68 29
£ ct E ct £ 8~ £ 8" 34 ¢t
SAP 84 64.82 30.19 91.76 25.42 64.82 18.68 91.76 29.25 33.34 N.A
STAP 64.9 26.2 9.3 217 649 15.9 91.3 253 29.1 N.A.
$IAP/M 643 30.2 ®.8 254 64.3 187 9.8  29.2 32.76  N.A.
oA N.AL NLAL 0 NAL O NJAL NLAL O NLAL N.AL NLAL N.A. £
£-POSIT S4.9 59.2 57.4 24.3 &5.4 17.7  116.4 93.3 52.22 E
CrA/M N.A. N.AL O NAL O NLA N.A N.A. MA. N.A. N.A. 3

N.A. = Not Available
* 1985 HOM Software
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among the available capacity proceduros. The second observation is that the
majority of the isolated intersection software do not explicitly provide
timing for pedestrian signals,

A summary table (Table 8) showing the 16 programs assessed for 14
possible characteristics is provided. The software were grouped into six
major categorics by their theoretical background. These categories are:

1. The 1985 HCM procedures

2. The CMA procedure of Circular 212

3. The 1965 HCM procedures

4. VWebster dolay and optimum cycle loength expressions

5. The modified expressions of Webster delay model used in SOAP 84

6. Microscopic computer simulation

An overall assossmont of the 14 characteristics resulted in seven
software rocommended for use. In the first category, CAPCALC 85 was
recommended because of the following reasons:

1. It provided an oxtra function over the basic analysis option

(eithor optimization or design).

2, Its diagnostic mossages are either good or fair, and it is more

user friendly than SIGNAL 85, SICA and SCA.

3 It resulted in the average dolay and level of service very close to

the results of hand calculation.

As for the Circular 212 category, CAPCALC and EZ-POSIT are recommended.
CAPCALC is recommended because it gives the user the option to either
conduct the planning analysis or operation and design analysis.
Furthermore, the model is user friendly, and it has a good documontation.
EZ-POSIT is reocommonded bocanse it provides tho user with the three

functions and it has a short input datas requirement.
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The SIGNAL program is recommended for the 1965 HCM category because it
provides design and analysis functions, and it provides a good help command.
None of the Webster category software is recommended. Tho SIAP and the SOAP
84 vprograms are recommended bocause they provide the three operational
functions, they have good diagnostic messages, they contain good help files,
and they bave good documentation,

The TEXAS model is a good simulation model for isolated intersections,
however, it is our recommendation that the NEISIM program be used if the
user decides to conduct traffic simulation, NETSIM has been validated and
calibrated by numerous state highway departments, roesoarch agencies, and
universitios around the U.S., and it has been proven to be a powerful and

reliable simulation tool.,
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Preprocessor Software Assessment:

During the course of coding the Broadway network data to run the
MAXBAND, the TRANSYT, and the PASSER programs, five proprocessors were
oxtonsively used and evaluated. Table 9 contains the five preprocessors
assessed 1in this study, EIBAND is the preprocessor of MAXBAND and TW-
BANDVIDTH . EZ-TRANSYT, and PRETRANSYT are preprocessors for the TRANSYI-7F
program. PASSETUP is the preprocessor developed by the TDHPT for the PASSER
IT-84 version 2.3 oprogram, and PASSLOAD is the proprocessor developed by
BBBI for the PASSER IT-80 program, The assossment clearly indicates that

EDBAND, EZ~TRANSYI, and PASSETUP are the recommended preprocessors.
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Table 9 Preprocessor Software Assassment

Characteristics ED BAND EZ-TRANSYT  PASSETUP PASSLOAD PRETRANSYT
Program to TW-BAND TRANSYT 7F  PASSER II-84 PASSER II-80 TRANSYT7F
interact with MAXBAND Yersion 4 Yersion 3
or less
Input Data Moderate Moderate Moderate Moderate Moderate
Requirement
Method of Interactive Interactive Interactive Interactive Free Format
Data Input 3
Interactive
Modifying the Screen Screen Line Line Line
data Editing Editing Editing Editing Editing
Diagnostic Good Good Good Good Fair
Messages
User Friendly Good Good Good Good Poor
Level
Documentation Good Good Good Good Fair
Help File Level VYery Good Yery Good Nane None Fair
Level of
Default Moderate Moderate Low Low High
Parameters
Developer Transware Hobih Chen Texas Dept. Bather, Barton-
(Transtek) of Hwy & Belrose, Aschman
Pub. Transp. and Boje, Associates
Inc.
System Ms-DOS MS-DOS MS-DOS MS-DOS MS-DOS/
CPM
Price $100 $95 N.C. 5900 $950
Recommendatfon Yes Yes Yes No No

N.C.: No charge
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Notwork Software Assessment:

The Broadway network data was coded for 12 network software programs
and a comparative assessment, similar to the one porformed for the isolated
intersoction software, was conducted. Table 10 contains the characteristics
considered in the assessmont, Based on the 14 different assessment
characteristics, five programs are recommended.

PASSER 1I-84 version 2.3 is recommended for the PASSER software group
because it is user friendly, its PASSEIUP preprocessor is simple to use, and
it is available at a nominal charge.

TW-BANDWIDTH (the wmicrocomputer version of MAXBAND) is recommended to
the users because it provides s global optimum for arterial bandwidth.

As for grid network software, both TRANSYT-7F and TW-SIGOP (the
microcomputer version of SIGOP III) are recommonded boecause they have been
tosted and validated in previons research studies. Furthermore, they
provide tho three operational functions listed in Table 10,

The NETSIM computer simulation model is recommended for performing
microscopic simnlation analysis of traffic movements on urban arterials and
grid systems. NETSIM does not provide design and optimization functions,
however, through soversl runs the user can attain optimization by trial and
error.

It can be generally concluded that for arterial optimization, PASSER
and MAXBAND areo recommended and for grid networks optimization, SIGOP and
TRANSYT are recommended. To better undorstand the features provided by the
four programs, a table was adapted from the PASSER II-84 user manual and is
shown as Table 11,

To comparatively assess the four recommended programs, the Broadway

network data wore coded, and the four programs produced optimum phasing
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Table 10 Network Softvars Assessment (continuad)

Characteristics TH-BANDK IDTH NETSIM SIGRID TRMSYT 7F ™-SIGOP
Appl tcable To Arterial Art./Grid Art./Grid Art./Grid Art./Grid
Input Data Moderate Long Moderate Long Long
Requirement

Mothod of Fixed Fixed Fixed Fixed Fixnd
Data Input

Modifying the ® . . . bl

Data

Capabil ity of No No Yos No Ho
Multiple Run

Diagnostic Good Good Fatr Good Good
Messages

functions Opt.+Des, tAnl. Anatysis Analysis Opt.tDes.#+Anl.  Opt.+Des.tAnl.
Ucor Friendly N.A. N.A. N.A. N.A. N.A.
Level

Help File N.A, N.A. N.A. N.A. N.A.
Documentation Good Good Good Good Good
System ¥5-DOS Ms-D0S Ms-00S M5-DOS 15-008
Developer TRANSHARE FINA B8BB1 A TRARISIARE
Cost N.C. N.C. $500 N.C. N.C.
Recommendation Yes Yes No Yes Yes

* Requires an external processor

N.A. = not applicable

a4

N.C. = nomfnal charge
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scheme and signal sottings. The optimum cycle lengths were found to be 100
seconds, 70 seconds, 65 seconds, and 65 seconds, for TRANSYI-7F, TW-SIGOP,
TW+BANDWIDTH, and PASSER II-84, respectively. The higher value of TRANSYT-
7R was as eoxpected since the program optimizes at a network level rather
than the arterial level.

The PASSER II-84 signal splits and offsets wore thenm inputted to SIGOP
ITX, TRANSYT-7F, and NETSIM., The reason for using PASSER as a basis because
neither SIGOP nor TRANSYT can develop optimal signal phasing schemo,
MAXBAND was not included in this assessmont because it does not provide
delay measures for links.

Table 12 shows the results for the Broadway links first, the average
delay for all arterial 1links second, the average delay por intersection
third, and the ovorall network delay last. Because NETSIM is a relisble
microcomputer simulation software, it was decided to use its results as a
base line for the comparative assessment,

As the resuvlts show, TRANSYT 7F proved to be the closest to NETSIM on
an arterial basis as woell as on the overall network basis. It was noticed
that PASSER II-84 tends to underestimate deolay and SIGOP III tends to
ovorestimate dolay.

This goneral observation is based on data collected for one arterial
for one time period and to generalize results, one needs to apply the models

to difforent notworks with different geometrics and varying traffic volumes,
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Table 12 Network Software Results for a
Selected Signalt Timing Plan

m@mmmmm
xehicle (sec/veh)

Mi11 to College 56.8 11.6 8.1 12.8
College to Mill 33.9 30.9 58.8 84.0
College to Rural 51.0 15.3 9.8 13.5
Rural to College 35.9 14.0 20.7 29.8
Rural to Terrace 8.4 4.1 4.7 7.0
Terrace to Rural 82.7 3.6 28.0 32.4
Terrace to Dorsey 89.8 3.9 5.6 7.7
Dorsey to Terrace 8.1 3.6 0.7 4.0
Dorsey to McClintock 115.8 20.2 17.3 13.0
McCl intock to Dorsey 12.9 2.1 2.0 9.3
Average Arterial 45.98 13.73 17.73 24.7)
Mi11 Intersection 119.54 34.70 76.80 78.62
College Intersection 78.62 39.20 145.50 157 .60
Rural Intersection 99.53 28.20 37.70 27.10
Terrace Intersection 8.10 5.90 3.90 6.20
Dorsey Intersection 49.32 5.90 6.20 10.39
McClintock Intersection 117.10 28.50 38.70 29.96
Overall Network 89.54 27.00 58.10 57.17
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Computer Execution Times:

In this section, a comparative assossment was carried out on seven
programs to ostimate the execution times on three types of computers. An
IBM 4341 mainframe, a VAX 11/780 super-mini, and an IBM-PC/XT microcomputer
woere the three machines used. The microcomputer was equipped with the 8087
math co-processor which proved to be a powerful piece of hardware needed to
oxecuts a large number of mathematical calculations within a reasonable time
frame. The seven software assessod wero:

PASSER III
TRANSYT 7F
PASSER II-84
SIGOP III
SOAP-84

MAXB AND
NETSIM

The Broadway network data were inputted into the seven programs using
the same assumptions for all to provide a time comparative assessment. The
execution times obtained from the mainframe computer and the super-mini were
obtained in Ceontral Processing Unit times in seconds. The problem with
obtaining accurate oxocution timos on mainframe and super-mini computers is
that thoy execute several jobs simoltaneously (time sharing mode of
operation). In this assessment, an attempt was made to perform the analysis
during the 1low demand poriod of the dsy when the machines are least
utilized, This 1is not the case with microcomputers because the user can
only run one job at a time on a single unit running under the MS-DOS

operating system,
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The oxecution times are listed in Table 13. As oxpected, the mainframe
oxocution time was found to be the lowest and the microcomputer time was theo
highest. Using the mainframe time as a bench mark, ratios between micro and
mainframe times, and super-mini and mainframe times were determined. It was
observed that the highest ratio between micro and mainframe was 166 and the
lowest ratio was 18.9, and the highest and lowest ratios for the supermini
wore 5.87 and 0.82, respectively. The 0.82 ratio indicates that the
supermini has lower execution time of thoe TRANSYI-7F program than the
mainframe, EBxperience has shown that, in general, the VAX machine can
oxecute repocated mathematical calculations faster than mainframes, and since
TRANSYT-7F requires a repeated searching process for an optimum solution,
VAX proved to be a powerful machine in this respect.

MAXBAND and NETSIM oxecution times could not be obtained for the VAX
becanse a 1large number of the functions used in these programs are system
dependent and to adjust these programs is a major task that goes beyond the
scope of this study.

As Table 13 shows, for the same computer type, SOAP-84 has the lowest
oxoecution time and NEISIM has the highest oxecution time. This is as
expected because SOAP-84 is a macroscopic model used for timing an isolated
intersection (Broadway and Mill) while NETSIM is a complicated microscopic
computer simnlation model used to simulate traffic flow through the Broadway
network, It is also interesting to compare TRANSYT-7F and SIGOP III
exocution times. TRANSYT-7F took almost 40 percent less time than SIGOP

II1,

49




[qQUIEvAY 3ION

SYCN

(1808 30ssod01d

*20s ¢ *20s T¢ , —0xdo) qiey

+ ‘uiw LT toos ¢ + "ufm g1 ‘098 OF ‘ufm 07 BEL L ¢ + LX/0d-KEL)
4+ ‘ayq g + Cupm *00S 82 + *Iq T + ‘utw 1 4+ I I + ‘uta § 1030dwWoo0Id kK
‘908 LE°TT To9s 8°LT (08L/TIT XVA)

‘V'N ‘YN ‘008 88T + ‘urwm § Spuoses ¢8°¢ + ‘um 7 SpUodOs LL° L jujuxodag
‘o0s ¢ ‘008 g°¢ T99s 9° 9y (IveEY Kar)

+ ufmOY *20S 6'€T *99S 64°0 4+ "urw ¢ Spuodses 9.° 1 + "ufm 7 Spuod9s $¢°'T QWY JUt v
ANV SXVR ¥8-dYO0S III d09IS ¥8-11 ¥ASSVd dL-1XSNYUL IIXI ¥3SSVd 9d£y x93adwo)

KISLIN

2030d@OY0XIF puw jujwzodng ‘OWVIJUIVY 04

sowfl uof3jndexy 193adwo) Jo uosgfredmwo) ¢y 9o[qu]

50



SUMMARY AND CONCLUSIONS

This study attempted to identify all available computer software that
are pertinent to traffic signal timing and to conduct a comparative
assessmont of s solected groop of programs with the ultimate goal of
rocommonding the best programs to traffic enginoers.

An inventory of currently available software was conducted, and 18
isolated intersection programs, 13 arterial street programs, and 12 grid
netwvork programs were recorded. Information reolated to the developer,
program application, and operating system enviromment, as published in the
sof tware resources, woere provided,

Thirty—five programs were adopted for the comparative assessment, out
of which 16 were for isolated intersoction programs, 10 arterial street
programs, 1 diamond interchange program, and 8 grid network programs, Six-
intorsection arterial data were inputted to the 35 programs, and a detailed
comparative assossmont was conducted., The following conclusions were made:

1. Por isolated intorsection software assessmont:

a) Using the optimization option, significant differences were
observed botween results obtained from software that use the
1985 HCM procedures and the remaining programs.

b) Using the design option, significant differences were observed
among the delay figures attained from the three capacity manual
procedures, namecly, 1965 HCM, Circular 212, and 1985 HCM,

¢) The majority of the software do not explicitly provide timing
for pedostrian signals,

d) In general, signal settings and the measuvres of effectivenoss

are sonsitive to varistions in the delay expressions embedded
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e)

For

in the software and more calibrations of these models are
neoded.
Six software are rocommended for use and they are:

CAPCALC 85

CAPCALC

EZ-POSIT

SIGNAL

SIAP & FREESIAP

SOAP 384

preprocessor software, EIBAND, EZ-TRANSYT, and PASSETIUP are

recommonded.

For

a)

b)

c)

network software assossment:
Five software aro recommended for use and they are:

PASSFR II-84

TH-BANDW IDTH

NETSIM

TRANSYT-7F

TW-SIGOP
Using the Broadway network data, TRANSYT-7F produced results
very close to NEISIM results., In addition, PASSER II-84 was
observed to nunderestimate delay while SIGOP III tends to
overostimate delay.
None of tho network software explicitly include signal timing

plans for pedestrian activities.
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RECOMMENDATIONS FOR FURTHER RESEARCH

The study revealed some shortcomings that can be addressed in further

rosearch work and they are:
1. Well defined statistical procedures are needed to assist in

validating and calibrating delay and optimization logics of signal

timing software.

2. Podestrian activitios should be included in signal system software.
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